Fig. 1
Spatio-temporal control of an ultrashort pulse after propagation through disordered ZnO nanoparticles by measuring Transmission Matrix (a) as a function of the wavelength (Multi-Spectral Transmission Matrix), or (b) as a function of arrival time of photons (Time-Resolved Transmission Matrix). We generate for example (c) an odd pulse with the control of the spectral phase of the pulse [3] , or (d) spatio-temporal focusing in selected space-time positions [4] .
In this work, we present methods to control at will the spatio-temporal profile of a transmitted ultrashort pulse at the output of a thick scattering medium. By measuring either the Multispectral [3] or the Time-Resolved Transmission Matrix [4] , we can fully describe the propagation of the broadband pulse either in the spectral or in the temporal domain. With a single phase-only SLM, one can manipulate the spatial degrees of freedom to adjust the delay between different optical paths. Therefore, spatial and spectral/temporal distortions of the output light can both be compensated at the same time. We demonstrate deterministic spatio-temporal focusing of an ultrashort pulse of light after the medium, with a temporal compression almost to its initial time-width in different space-time positions, as well as shaping the temporal profile of the output pulse such as a double pulse in a single spatial position. We exploit this spatiotemporal control to deterministically enhance a two-photon excitation, thus opening interesting perspectives in coherent control, light-matter interactions and multiphotonic imaging.
